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The genome segment 12 (S12) of rice dwarf phytoreovirus (RDV) isolated from the Philippines (RDV-P) and of a variant
(RDV-S-6) of RDV severe strain (RDV-S) migrated abnormally slower during polyacrylamide gel electrophoresis than that
of the isolate maintained at Hokkaido University (RDV-H). Nucleotide sequence analysis revealed that rearrangement had
occurred in these segments, affecting the open reading frame. A polypeptide encoded by S12 (Pns12) of RDV-P had a
duplication of 28 amino acids while 13 of the carboxyl terminus of Pns12 was deleted in RDV-S-6 by premature termination
due to a frameshift. RDV-S is always present in plants infected with the RDV-S-6 variant, suggesting that Pns12 of RDV-
S-6 is defective. On the other hand, Pns12 of RDV-P was expressed and appeared to be functional in infected cells in
spite of the duplication, as demonstrated by immunoblot analyses using antibody raised against Pns12 expressed in
Escherichia coli. q 1996 Academic Press, Inc.
Rice dwarf phytoreovirus (RDV), together with wound RDV severe strain (RDV-S) (9). The analyses showed that
rearrangement occurred in both S12 RNAs. Furthermore,tumor virus and rice gall dwarf virus, belongs to the ge-
nus Phytoreovirus in the family Reoviridae (1). The vi- expression of Pns12, a polypeptide encoded by S12, was
demonstrated in vivo.ruses have segmented genomes of 12 dsRNAs. In plant
reoviruses, substitution and deletion of nucleotides are The genomic dsRNAs were extracted from leaves in-
fected with RDV-P and a mixture of RDV-S and RDV-S-reported as molecular mechanisms of genomic variation
(2–4). We have recently shown that individual isolates 6, by the method described previously (5). RNAs were
analyzed by 7.5% PAGE using TAE buffer (10) and com-can be differentiated by polyacrylamide gel electrophore-
sis (PAGE) (5, 6). Nucleotide sequence analysis of ge- pared with those of an isolate maintained at Hokkaido
University (RDV-H) and RDV-S (Fig. 1). The two fastestnome segment 12 (S12) showed that all the isolates so
far sequenced have the same length (1066 nt) and that bands of RDV-P migrated substantially slower than
the mobility shift of S12 is due to the nucleotide substitu- those of RDV-H and RDV-S. (Fig. 1, lane 1). Assignment
tions but not to deletions and insertions (5). of these bands to cognate genomic segments was done
Three predicted ORFs were proposed based on the by dot-blot hybridization. The first and the second fast-
nucleotide sequence analysis (7). The longest ORF est migrating bands of RDV-P and RDV-H were eluted
(Pns12) initiates at positions 42–44 and terminates at separately from a polyacrylamide gel, spotted onto a
positions 978–980, encoding 312 amino acids. In addi- nylon membrane (Hybond-N/, Amersham), and then hy-
tion to Pns12, Pns12OPa and Pns12OPb, encoding 92 bridized with 32P-labeled cDNAs of S11 and S12 of RDV-
and 84 amino acids, respectively, were proposed. H (data not shown). Unexpectedly, the fastest migrating
Pns12OPa and Pns12OPb are located in different reading band of RDV-P hybridized with the cDNA probe to S11
frames within Pns12, having initiation codons at 313– of RDV-H, and the second fastest migrating band hybrid-
315 and 337–339, respectively, and both terminating at ized with the S12 probe (i.e., the relative mobilities of
positions 589–591. Although products of ORFs of S1– S11 and S12 of RDV-P were inverted in comparison with
S11 have been immunologically detected in vivo (8), poly- those of RDV-H).
peptides encoded by S12 have not. The electrophoretic profiles of the genomic dsRNAs
In this paper, we have analyzed S12 of RDV-P, an from rice leaves infected with the mixture of RDV-S and
isolate from the Philippines, and RDV-S-6, a variant of RDV-S-6 were similar to those from plants infected with
RDV-S alone, except for one additional band detected
between S10 and S11 (Fig. 1, lane 2). Usually, the staining1 To whom correspondence and reprint requests should be ad-
dressed. intensities of S11 and S12 are similar, but as shown in
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S12 RNAs of RDV-P and RDV-S-6 were subjected to
cDNA cloning and sequencing as described previously
(5), and the results are shown schematically in Fig. 2.
S12 of RDV-P was 84 nt longer than the wild-type size
of 1066 nt (Fig. 2A). Bases from positions 188 to 276
were duplicated, with an overlap of the 5 bases, UUCCG,
at positions 272–360. As the result of the duplication,
the Pns12 ORF encoded 340 amino acids, whereas the
Pns12OPa and Pns12OPb ORFs were unchanged.
Rearrangement also occurred in S12 of RDV-S-6. A
region of 121 nt, at positions 605–725, was tandemly
duplicated (Fig. 2C). Again, the Pns12OPa and Pns12OPb
ORFs remained unchanged, whereas the putative prod-
uct of the Pns12 ORF was truncated by 13 at the carboxyl
terminus, because of an UGA termination codon gener-
ated at positions 732–734.
Duplication of 28 amino acids in Pns12 of RDV-P ap-
parently does not affect its functional domains because
RDV-P multiplies normally in its host. On the other hand,
RDV-S-6 is only present in plants infected with RDV-S
having authentic S12 (data not shown), suggesting that
Pns12 of RDV-S-6 is defective.FIG. 1. Migration of genomic dsRNA segments of RDV isolates ex-
tracted from rice leaves. Plants were infected with RDV-P (lane 1), a In order to investigate the expression of Pns12 of RDV-
mixture of RDV-S and RDV-S-6 (lane 2), RDV-S (lane 3), and RDV-H H and RDV-P in infected cells, antiserum against Pns12 of
(lane 4). The dsRNAs were separated in a 7.5% gel and stained with RDV-H was prepared as follows. A cDNA fragment from
silver. Segments of RDV-H are numbered to the right, and S11 and S12
the initiation codon of Pns12 to the 3* terminus of S12 wasof RDV-P are numbered to the left.
amplified by a polymerase chain reaction, using primer
192RD12F (gcgaattcATGTTCAAGAGCGGG; an EcoRI siteFig. 1, lane 2, the staining intensity of S12 was weaker
is underlined and boldface letters show the initiation codonthan that of S11. Therefore, we suspected that the band
of the Pns12 ORF) and a 3* terminal primer (gctctagATCA-detected between S10 and S11 was a mutated S12, be-
longing to the RDV-S-6 genome. GTTATGAGCAG; an XbaI site is underlined). The cDNA was
FIG. 2. Comparison of the organization of S12 from RDV-H (B) with those from RDV-P (A) and RDV-S-6 (C). Numbers indicate nucleotide positions.
The center, top, and bottom boxes represent dsRNA, Pns12 ORF, and Pns12OPa and Pns12OPb ORFs, respectively. The direct repeat sequence
UUCCG at the junctions of the duplication is presented above the boxes of (A).
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trast, rearrangements in RDV-P and RDV-S-6 directly af-
fected the encoded ORFs. Although it is not known
whether these ORFs are functional, the rearrangement
phenomenon provides one possible mechanism for gen-
erating variation during the evolution of the plant reovir-
uses.
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FIG. 3. Immunodetection of Pns12 of RDV-H and RDV-P from infected
rice plants and NC-25 cells. Proteins extracted from rice leaves (lanes REFERENCES
1 to 4) and NC-25 cells (lanes 5 to 7) were fractionated by SDS–PAGE
and subjected to immunoblot analysis with anti-MBP-P12 antiserum. 1. Murphy, F. A., Fauquet, C. M., Bishop, D. H. L., Ghabial, S. A., Jarvis,
Lane 1, healthy rice (cv. Norin 8); lane 2, RDV-H-infected rice (cv. Norin A. W., Martelli, G. P., Mayo, M. A., and Summers, M. D., Arch.
8); lane 3, RDV-P-infected rice (cv. Taitung Native 1); lane 4, healthy Virol. Suppl. 10, 234–237 (1995).
rice (cv. Taitung Native 1); lane 5, healthy NC-25 cells; lane 6, RDV-H- 2. Anzola, J. V., Zhengkai, X., Asamizu, T. A., and Nuss, D. L., Proc.
infected NC-25 cells; lane 7, RDV-P-infected NC-25 cells. The positions Natl. Acad. Sci. USA 84, 8301–8305 (1985).
of molecular weight markers (kDa) are indicated to the left. 3. Hillman, B. I., Anzola, J. V., Helpern, B. T., Cavileer, T. D., and Nuss,
D. L., Virology 185, 896–900 (1991).
4. Suga, H., Uyeda, I., Yan, J., Murao, K., Kimura, I., Tiongco, E. R.,
inserted into the plasmid vector pMAL-c2 (New England Cabauatan, P., and Koganezawa, H., Arch. Virol. 140, 1503–1509
Biolabs) digested with EcoRI and XbaI. Escherichia coli (1995).
5. Murao, K., Suda, N., Uyeda, I., Isogai, M., Suga, H., Yamada, N.,strain JM83 was transformed with the resulting construct,
Kimura, I., and Shikata, E., J. Gen. Virol. 75, 1843–1848 (1994).named pMAL-P12, and the fusion protein comprising malt-
6. Uyeda, I., Murao, K., Ando, Y., Suga, H., and Kimura, I., Semin. Virol.ose binding protein and Pns12 (MBP-P12) was purified as
6, 117–122 (1995).
described (11). Proteins extracted from rice plants and cul- 7. Suzuki, N., Sugawara, M., and Kusano, T., Virology 191, 992–995
tured NC-25 cells of Nephotettix cincticeps (12), infected (1992).
8. Suzuki, N., Sugawara, M., Kusano, T., Mori, H., and Matsuura, Y.,with RDV-H and RDV-P, were fractionated by SDS–PAGE
Virology 202, 41–48 (1994).and transferred to PVDF membrane (Immobilon, Millipore).
9. Kimura, I., Minobe, Y., and Omura, T., J. Gen. Virol. 68, 3211–3215Immunodetection was performed using the antiserum
(1987).
raised against MBP-P12 as a first antibody. Proteins from 10. Uyeda, I., Ando, Y., Murao, K., and Kimura, I., Virology 212, 724–
rice plants and cultured cells infected with RDV isolates 727 (1995).
11. Uyeda, I., Suga, H., Lee, S.-L., Yan, J., Hataya, T., Kimura, I., andwere specifically recognized by the antiserum (Fig. 3). The
Shikata, E., J. Gen. Virol. 76, 975–978 (1995).estimated molecular weight of Pns12 RDV-P (40 kDa) was
12. Kimura, I., J. Gen. Virol. 67, 2119–2120 (1986).larger than that of RDV-H (38 kDa), consistent with the
13. Ballard, A., McCrae, M. A., and Desselberger, U., J. Gen. Virol. 73,
results from nucleotide sequence analyses. Since polypep- 633–638 (1992).
tides encoded by S1 to S11 have been detected in vivo 14. Gonzalez, S. A., Mattion, N. M., Bellinzoni, R., and Burrone, O. R.,
J. Virol. 70, 1329–1336 (1989).previously (8), this result completes the detection of prod-
15. Gorziglia, M., Nishikawa, K., and Fukuhara, N., Virology 170, 587–ucts of major ORFs encoded by all 12 genomic segments.
590 (1989).It remains unknown whether Pns12OPa and Pns12OPb,
16. Hua, J., and Patton, J. T., Virology 198, 567–576 (1994).
already detected in vitro, are expressed in vivo. 17. Matsui, S. M., Mackow, E. R., Matsuno, S., Paul, P. S., and
Although rearrangements are well known for the ge- Greenberg, H. B. J., J. Virol. 64, 120–124 (1990).
18. Mendez, E., Arias, C. F., and Lopez, S., Arch. Virol. 125, 331–338nus Rotavirus in the Reoviridae family (13–21), this is
(1992).the first report for plant reoviruses. For rotaviruses, most
19. Nuttall, S. D., Hum, C. P., Holmes, I. H., and Dyall-Smith, M. L.,rearrangements occurred downstream of ORFs, and
Virology 171, 453–457 (1989).
there were no effects on the encoded polypeptides ex- 20. Scott, G. E., and McCrae, M. A., Virus Res. 14, 119–128 (1989).
cept for one case (16). When ORFs were modified they 21. Shen, S., Burke, B., and Desselberger, U. J., J. Virol. 68, 1682–1688
(1994).contained point mutations, not rearrangements. In con-
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